Use of spatial analysis and Geographic Information Systems (GIS) has become prevalent in the social and policy sciences. However, GIS and its mapmaking capability remains an underutilized tool among the decision support tools available to policy makers. We use a case study of Medicaid expenditure changes in Ohio to explore how spatial analysis and display can incorporate useful weights for policymakers. A series of maps shows that an unweighted map of the distribution of per capita Medicaid expenditures across counties does not tell the complete story of which counties are most likely to be affected by statewide expenditure changes. Through the use of dependence indices based upon the distributions of the affected recipients and service providers to weight the expenditures, the link between the effects of policy changes and the spatial distributions of these populations becomes clearer. The paper argues that policymakers can be given a more appropriate picture of the potential local implications of statewide policy changes through the use of weights. Because of the power of maps to so starkly display these distributions, the paper concludes with a caution that such tools should be used ethically with considered judgment.
Introduction
Maps that range in sophistication from simple pictures drawn on the back of an envelope to depict the relative locations of a few landmarks to detailed illustrations obtained through the use of benchmarks and sophisticated surveying tools provide visual representations of data in a spatial context. Maps, as data visualizations, serve a vital purpose in helping us make sense of spatial distributions. For instance, TIGER maps produced by the US Census Bureau illustrate the distribution of demographic characteristics of the United States. 1 Variations in environmental conditions across the US can be seen in the maps provided in the EPA's Envirofacts Data Warehouse, 2 while maps accompanying the Regional Economic Accounts produced by the Bureau of Economic Analysis of the US Department of Commerce show the spatial distribution of economic activity across the US. 3 While it is clear that maps are effective data visualization tools, this paper explores how they, and in particular, Geographical Information Systems (GIS), aid public policy analysis and decision-making. GIS and spatial analysis tools add another important dimension by introducing spatial considerations into the analysis of the distributional effects of public policy changes.
To assist public decision makers, GIS must provide compelling pictures of data that highlight the distinctions among the available choices. We contend that GIS is an underutilized tool and that its proper use can enhance diagnostic capability. Maps are powerful data visualization devices, and the ability of GIS to manipulate these data displays provides decision-makers information in a form that is simultaneously dense and 1 Topologically Integrated Geographic Encoding and Referencing system, http://www.census.gov/geo/www/tiger/index.html 2 http://www.epa.gov:80/enviro/html/ef_overview.html 3 http://www.bea.doc.gov/bea/glance.htm yet easy to interpret. Our purpose here is to illustrate that maps can be coupled with nonspatial and spatial analytical tools to create visual displays that allow analyses that are more subtle than those available through the use of data analysis or data visualization tools alone. Implementing different weights on decision variables implied by different policy options allows measurement of the consequences of different policies. The representation of this information on maps offers decision support not readily available through tabular displays of data.
Thus, the paper does not set out to suggest that there is a unique, superior weighting scheme or data representation. Instead, we will demonstrate that sets of policy choices can lead to a variety of spatial consequences and that GIS, when coupled with differential weights on the decision variables, can make the distinctions among the consequences of the different policy options easier to see. This visualization ultimately makes the analysis more useful for the decision makers.
Bringing Spatial Analysis into the Policy Making Process
Geographic Information Systems integrate computer-based database capabilities for managing spatially referenced data with the tools for modeling and testing research hypotheses and analyzing management and planning challenges. A GIS also includes a decision support system to help both structure problems and develop solutions (Worrall and Bond, 1997) . This notion goes beyond the usual description of GIS as a sophisticated database. Going beyond data management and representation, a Geographical Information System is seen as a part of an organization's information system that supports the decision-making processes of the organization.
By marrying the power of maps to present large amounts of complex information with the database management and computational capabilities of increasingly fast computers, GIS has become, in recent decades, one of the external aids that enhance our cognitive abilities. In the public sector, particularly at the local level, GIS is used for a vast array of activities, including everything from transportation, infrastructure and community development planning to environmental protection, public safety response and election management to property assessments, facility siting, and real estate management (Haque, 2001) . The use of GIS as a tool for facilitating and enhancing these functions by improving their efficiency and accuracy has been discussed at length elsewhere (e.g., Brown and Brudney, 1998; Foresman, 1998; Haque, 2001; Hissong and Couret, 1999; Martin, 1996; Masser, 1998; NAPA, 1998; O'Looney, 2000; Ventura, 1995) . Many of these GIS applications consist of visual representations of the topics at hand on a map. For instance, they depict how changes in zoning laws would change the distribution of different types of land use, or they show concentrations of pollutants and other hazards. The GIS analyses usually focus on proximity in terms of some measure of distance. What is feasible, but not often implemented, is the ability to use weights to reflect stakeholder values and preferences.
Public policy emanates from a set of values that yield intentions, rules, processes, implementation and enforcement to produce policy outcomes (Wildavsky, 1987) . We have suggested that GIS is not only a tool for enhancing routine managerial and administrative functions, but it is also a powerful communication device . We further suggest here that GIS, supplemented by spatial statistics and weighting procedures, can assist in developing policy arguments and in informing policy choices. We illustrate the use of GIS as a decision support tool in the context of budgetary changes regarding Medicaid expenditures in Ohio.
In the next two sections, we lay out the context for the changes in Ohio's Medicaid expenditures. We then suggest alternative spatial mechanisms to weight expenditures at the county level and illustrate with maps the implications of the various weights. We conclude with a brief discussion noting that analysts must proceed with caution when using these tools to assist policymakers' decision-making.
A Case Study: Budgetary Pressures on Medicaid
The Medicaid program, which provides medical coverage for the poor and needy in the United States, is funded through collaboration between the states and the federal government. State funding is matched by the federal government at varying levels, depending on the type of program. This federal support can vary from an even match to sometimes as much as $2 for every dollar spent by the state. During the economic boom of the second half of the 1990s, states' revenues grew rapidly enough to allow taxes to be reduced while expenditures continued to expand. This blissful period ended in mid 2001, when states' fiscal situations quickly began to reverse. During this time, Medicaid enrollments grew rapidly and expenditures, particularly on prescription drugs, also rose sharply (McGarry, 2002; NGA, 2003; Smith, et al., 2002) . While expenditures vary from state to state based on the eligible populations and services provided, Medicaid now averages 21 percent of overall state expenditures, which is twice what it was 15 years earlier (Marton and Wildasin, 2007) . To address this, legislators at both the state and the federal levels have been seeking to reduce the rate of growth in Medicaid expenditures.
Some of the more common changes include reduced payments to service providers, reduced or eliminated benefits, stricter eligibility criteria, and increased costs to service recipients.
Overall analyses of state budgets provide legislators with reliable estimates of what the Medicaid expenditures must be in order to balance the state budget. The debates have focused not only on overall expenditures but also on which of the many programs funded by Medicaid must withstand the deepest of the cutbacks in the growth of the expenditures. The role of policy analysis in this context is to provide decision support to politicians making the decisions. Hence, the task is to inform the political debate by providing analyses of the differential effects of these expenditure proposals on constituent groups such as taxpayers, medical service providers, local public service organizations, and Medicaid recipients. For instance, changing eligibility criteria for dental services will affect a different group of recipients than those affected by reducing the rate at which prescription drug expenditures are allowed to rise. Depending upon where reductions in growth are implemented, the effects on different social, economic and demographic groups will vary. Depicting these consequences on maps helps to facilitate the inclusion of spatial distributional considerations into the analysis and consequently, decision making. For instance, analyses in North Carolina (Kilpatrick, et al., 2002) , Ohio (Desai, Kim and Greenbaum, 2005) , South Carolina (Division of Research, 2002) , and in the urban areas of Montana (Seninger, 2003) show the varying consequences of different levels of expenditure reductions on the number of jobs and income in the local communities.
By displaying the information on maps, GIS provides powerful visual representations of the spatial distributions of these consequences. In fact, we argue that it is possible to introduce values and preferences into the analysis to explore the use of different preference structures that highlight different consequences and could therefore lead to different policy choices. Legislators and other decision makers consider a number of tradeoffs in their resource allocation decisions. An important aspect of the political decision making is the spatial distribution of the consequences of different policy choices. By developing multiple weighting indices to reflect different decision criteria, we show that the spatial consequences implicit in these tradeoffs can be explored to help inform the policy decisions. We use data from Medicaid in Ohio to illustrate how weighting schemes can be operationalized for such spatial analyses.
Ohio Medicaid
The [Insert Table 1 here] In SFY2003, 2.1 million Ohioans received at total of $8.6 billion in Medicaid care across Ohio's 88 counties. The counties vary in their population's dependence on Medicaid and other social services. While Medicaid served an average of 18% of the state population in SFY2003, these recipients are not evenly distributed across the state, and they make up differing percentages of the county populations. The distribution of Medicaid recipients across these counties varies from a low of approximately 6% to a high of almost 39% of the county residents.
The distribution of expenditures per recipient is also uneven across counties. The expenditure-per-recipient distribution, however, is very different than the distribution of recipients because of the costs associated with different classes of recipients.
Expenditures per recipient are higher in counties with higher concentrations of aged, 4 Although 2003 data may seem dated, they offer a complete and best set of information for the illustrative purpose of this paper. blind or disabled (ABD) recipients than in those with high concentrations of young children and their parents .
Visualizing Aggregation Differences
Yet another way of measuring variation in Medicaid expenditures across the state is to look at the distribution of expenditures per resident. Map 1 shows per capita expenditures by county in SFY2003, which average $4,079 and range from a low of $2,515 to a high of $7,500. The distribution may appear somewhat random across the state, although the counties with the highest expenditures per recipient (darkest shading 5 ) are located primarily in northern counties.
To supplement the visual representation, we also provide statistical measures of variability in Table 2 . A simple measure of variability is the coefficient of variation (CV), which takes into consideration the spread of the data distribution to evaluate the mean as a summary measure. 6 In other words, if the spread is wide, then the mean is not as good a summary of the data values as it would be if the data are narrowly distributed around the mean. The CV for per capita Medicaid expenditures is 0.236, indicating a relatively tight distribution. Another measure, the Gini coefficient, is the most commonly used indicator of income inequality. 7 This measure to evaluate whether income is evenly distributed across the population can be extended to a spatial context to evaluate whether some other variable of interest is evenly distributed across spatially defined units. Hence, in our context we can use the Gini coefficient to measure whether Medicaid expenditures 5 In all maps, darkest shading shows the highest value. The classification of values is based on quintiles. For the purpose of comparison to Map 1, we applied the same classification ranges in Map 2, Map 3, and Map 4. The same logic for classification with three classes was applied for Map 5, Map 6, and Map 7. 6 The CV shows the degree to which a set of data points vary. Typically, the CV is presented as a percentage: CV = Standard Deviation / Mean x 100). Thus, the higher the CV, the greater the variability there is in the data. 7 According to Morgan (1962) , it is also the best measure of inequality. are evenly spread across the 88 Ohio counties. The closer the value of the Gini coefficient is to 0, the more even the distribution. In this case, the Gini for Medicaid expenditures is 0.123, also indicating a fairly even distribution of Medicaid expenditures across all counties.
While the CV and Gini can be used to measure dispersion across spatial units, they are global measures that are independent of the spatial patterns in the data. To capture whether areas of above average and below average Medicaid spending per capita cluster together, we can make use of some spatial statistics. Indices such as the Moran's I 8 or Geary's C 9 have been developed to measure spatial correlation (Cliff and Ord, 1981 
is the variable of interest in location i and location j, and ij w are elements of a spatial weighting matrix (a binary contiguity matrix in this case).
. C ranges between 0 and 2, with 1 representing no spatial autocorrelation.
Indices as Indicators of Preference
In economics, reservation prices not only represent the value society places on different commodities, but they often implicitly serve as weights depicting societal values. However, prices are only one indicator of society's preferences. In fact, we can develop a number of different weighting schemes to more accurately capture the different perspectives policy makers might use to study consequences of policy changes.
Changes in Medicaid funding have wide ranging consequences that can be measured in terms of both health outcomes and financial implications. These consequences can be measured in various ways. For instance, we can study the implications for Medicaid recipients, for the healthcare industry, for local governments, or for the effect on the incidence of poverty. Because the affected populations are not randomly distributed, examination of the implications of policy changes on any of the populations has spatial implications in terms of where these consequences will fall. Next, we describe an easy way to incorporate these considerations into an exploration of the spatial implications of policy changes.
Dependence Indices for Local Economies
One sensible approach to providing valuable insight into spatial variation is to measure how local conditions vary from a norm. A common simple descriptive tool from regional economics, the location quotient, is useful for measuring how a particular measure in one location compares to an overall average. For example, in the economic development literature, location quotients are often used as indicators of how specialized a particular region is in any particular industry (Miller, Gibson, and Wright, 1991) .
By expressing a ratio of two proportions, a location quotient provides a relative measure of how specialized or dependent the local geographic unit (e.g., county) is in a particular measure relative to the more global unit (e.g., state). For example, a location quotient measuring the dependence of the local economy on expenditures in a particular Medicaid service category, such as nursing facilities, is expressed in equation (1) 
where Expenditure s , county_r and Expenditure s, state represent expenditures on Medicaid service s in county r and for the whole state. Expenditure_Total county_r and Expenditure_Total state measure total Medicaid expenditures in county r and for the whole state. Therefore, if LQ s = 1, the county is at the state average, meaning that the proportion of expenditures in the county in that sector is the same as at the state level; if LQ s > 1, the county is more dependent than the state average, which means that the county has a higher dependence on expenditures in that sector than the state as a whole;
and if LQ s < 1, the county is less dependent than the state average.
Using the location quotients, we can construct county-level "dependence indices" (DI) to help capture the variation in economic conditions across the state in terms of local dependence . To incorporate complementary measures of a particular characteristic, each dependence index is computed as the geometric mean of three individual location quotients. Therefore, dependence indices are interpreted the same way as location quotients, with values greater than one indicating more dependence than the overall state average.
In order to help take into account the ability of recipients or health care providers to absorb changes in Medicaid expenditures, we construct two dependence indices that measure the reliance of counties on public assistance and the health services sector: diversity across the state in terms of levels of poverty and extent of the role that healthcare services play in the local economy. A value of 1 indicates that the county is just as "dependent" as the rest of the state.
Indices such as these can be used as weights that serve to operationalize different perspectives of policy impacts depending upon whether we focus, for example, on the consequences for the healthcare industry or for vulnerable populations. By incorporating these weights into the GIS, the policy debate can be better informed by providing visual [Insert Table 3 here]
These weighted versions indicate how placing an emphasis on the healthcare industry or on regional poverty can lead to different interpretations of who would bear the burden of changes in Medicaid expenditures. They help clarify how using different weighting schemes based on policymakers' preferences would lead to different visualizations of the data and potentially different decisions.
The choice of weights and weighting schemes becomes important to the extent that policy analysis helps frame the policy discussion and identify the set of choices available to the decision makers. By choosing different criteria for selecting weights, the analysis focuses attention on different consequences. For instance, evaluation criteria focused on intergenerational consequences might yield weights that are very different from those that focus on the concentration of the health care industry or on regional poverty. Hence, the analyst's decision regarding what weights to depict and the secondary decisions by the policy makers, based on the analyst's weighted maps, will lead to different consequences. In this case, the analysis has focused on the healthcare industry and poverty. If the decision makers choose to focus on these weighted maps, then it is no surprise that the set of decision choices and their consequences will be different than those based on the unweighted expenditures in Map 1. For a policy maker, Maps 1 and 4 represent the perspectives of two different interest groups. To evaluate the consequences of policy changes, counties with a number of service providers will focus on Map 4 whereas counties with a large number of recipients will focus on Map 1. There is nothing profound in this observation, other than that it illustrates the ease with which data visualization can be achieved to represent different perspectives of the same information.
Expenditure Dependence Indices for Service Categories
So far we have demonstrated how the location quotient can be used for weighting the data by using it as an index to incorporate preferences or criteria to emphasize or deemphasize deviations from some norm. Marrying that to a GIS allows us to visualize the data distributions and to compute statistics that can supplement the visual images and the impressions they create.
Policy changes in a program as large as Medicaid are rarely made across the board. Instead, changes are usually made in specific areas. For instance, changes in eligibility can expand or reduce coverage, or changes in payment schedules only affect those providers who offer the affected services. Again, an index based on the location quotient can be used to estimate the differential spatial effects of the policy changes.
We provide different pictures in the following three maps using another type of dependence index. These maps show how each county's dependence on a particular
Medicaid service compares with that of the state in terms of provider expenditures. We first compute the ratio of expenditures in a particular service category as a proportion of the total Medicaid expenditures. We obtain that ratio for both the state and the county.
Hence, we now know what proportion of each (e.g., expenditures on prescription drugs)
is of the total Medicaid expenditures in the state and in each of the 88 counties.
Medicaid data indicate that expenditures in 2003 on prescription drugs were approximately 17% of all Medicaid expenditures in the state. We compute the same ratio for each of the counties. In some counties, the percentage will be higher than 17% and in others it will be lower. Therefore, when we take the ratio of the county percentage to the state percentage, we will get indices that range around one. A value close to one indicates that the proportion of provider expenditures on prescriptions in that county is close to 17%, the state level.
Map 5 indicates that this ratio for provider expenditures on prescription drugs ranges from a low of less than a half (0.435) to a high of almost three (2.931). Hence, in the lowest county, prescription drugs account for a little over 7% of the total Medicaid provider expenditures whereas in the highest county, the percentage is almost 50%.
Again, the southern and southeastern counties have the greatest dependence on prescription drug expenditures. However, unlike the majority of the previous maps, the northeast counties are not among the most dependent on pharmaceutical spending.
Consequently, any policy changes in prescription drug coverage or expenditure growth will affect the darker-shaded counties much more than it will affect the lighter-shaded counties.
[ [Insert Map 6 here]
Dental expenditures account for less than 1% of total Medicaid expenditures in the state. Hence, from an overall economic effect perspective, reductions in dental expenditures do not make much of an impact on the Medicaid budget, but they do make a tremendous impact on individuals. In that larger budgetary context, the fact that two counties (Map 7) have no Medicaid-funded dental providers (hatched shading) or that the highest county dental provider expenditures are almost six times the state level is of little consequence.
[Insert Map 7 here] However, the dark shaded cluster of counties in the southern part of the center of the state is most severely affected in this instance by the elimination of funding for dental care for adults. Lack of access to dental care is also associated with long-term health problems that develop later in life (Gregory, Gibson, and Robinson, 2005; Zabos, et al., 2002) . Hence, seemingly minor budgetary changes today can have serious implications for the future.
The Gini coefficient shows that the overall distribution of Medicaid dental service provision (0.395) is less equal than the distribution prescription drugs ( A note of caution must accompany these maps. While these maps provide specific information on expenditures by service category, they also hide other policy relevant information. The expenditures represented in each map vary considerably across the service types. In other words, the amounts of money each of these three maps represents are vastly different. Consider, for instance, the expenditures on prescription drugs and expenditures on dental services. The prescription drugs represent a substantially larger percentage of the Medicaid budget than do dental expenditures.
Furthermore, the short term and long terms consequence say, of reduced expenditures on prescription drugs would be very different from those due to reduced dental expenditures.
Summary
Traditional GIS analyses focus on spatial relationships in the data. Spatial statistics (Anselin, 1988) and weighting matrices (Martin, 1996) usually focus on physical distances or spatial proximity. Spatial statistics such as Moran's I or Geary's C provide tests of whether the observed spatial patterns are random (Cliff and Ord, 1981) .
The ratios and weights we have proposed here are not intrinsically spatial depending on what variables are used to construct these indices) decision makers can explore their own notions of inequity and its spatial distribution within the state. Once they decide which type of perceived inequity they wish to ameliorate, they can design policies to influence the outcomes.
To summarize, we have followed a three step analytical process.
1. We have made the traditional use of GIS to illustrate spatial variations in policy relevant information on a map.
2. We used location quotients to develop and illustrate the use of weights.
3. We used spatial statistics to supplement the visual impressions created by the maps to provide robust analyses of the consequences of policy changes.
Discussion
The intent of this paper has not been to demonstrate that there is a single best weighting scheme or data display. Rather, we suggest that the policy analyst should offer multiple options based on analytic tools such as those described above. The analyst should educate decision makers regarding the assumptions that underlie each analysis and should understand that the statistical analysis is only one of the many factors that ultimately inform a final decision.
The analyst also maintains an obligation to use these tools in an ethical manner.
While we demonstrated that a Geographical Information System, when used properly, can be a powerful data visualization tool that is invaluable in informing public policy choices, we offer caution that it is not always obvious what constitutes proper use. The weighting schemes we have proposed produce different manifestations or distortions of the maps. There is a fine line between such distortions that depict different emphases and outright misrepresentations of the data. Indeed, Tufte (1983) demonstrates how easy it is to misrepresent the visualization of data in subtle ways. Monmonier (1996, p. 25) further suggests that "a good map tells a multitude of white lies," because even when simply representing physical features, a mapmaker must make multiple and complex decisions regarding which features to highlight and which to suppress. The mapmaker's problem is compounded when the data visualization software has the capability to merge multiple data sets, manipulate the data and display the information in attractive formats.
GIS, in common with other decision support tools, is used to assist decisionmaking under uncertainty. Unfortunately, we do not have an agreed upon standard for displaying information uncertainty in maps (MacEachren, et al., 2005) . This lack of consensus may be due, in part, to the fact that uncertainty remains an ambiguous concept.
In this regard, we take the hopeful view that this shortcoming offers a wide range of opportunities for research, but it also serves as a caution for users of GIS output that it is important to be able to assess its reliability and accuracy.
Finally, as with any analysis, there is an asymmetry in the information available to producers and consumers of the analysis. Geographical Information Systems allow for a wide array of data manipulations and computations that are displayed on seemingly similar maps. In the absence of proper knowledge of how the data were manipulated, the consumer is, almost always, at a disadvantage relative to the producer.
However, the consumer has a complementary set of responsibilities to ensure that the information displays are credible and true to the underlying assumptions. At a minimum, the analyst must provide information regarding the source of the data, the assumptions underlying the data generation and analysis and must be explicit about the weighting and other manipulations of the data and their representations. Similarly, it is incumbent upon the user of such information to demand multiple representations or sensitivity analyses to gauge the robustness of the results across different sets of assumptions.
Data, and particularly data presented on maps, can be very persuasive. Thus, the conscientious analyst will use these powerful analytic tools to provide the consumers of the analysis policy options with the appropriate cautions regarding assumptions that were made. 
